Abstract. This paper presents a trajectory generation approach for a 7-DOF biped robot on level ground. Simultaneously rotation of feet in double support phase is considered which leads to high-speed and more similar to human being walking. The zero moment point (ZMP) stability criterion is used to ensure the stability of the bipedal walking robot. Since ZMP trajectory in human walking does not stay fixed, it needs to be a straight line shaped forward ZMP trajectory to have a natural walk. A genetic algorithm based method is proposed to obtain key parameters in trajectory generation such that the ZMP follows a predefined trajectory while minimizing power consumption. Simulation results demonstrate the effectiveness of the proposed method.
Introduction
Optimal trajectory generation is an essential part of robotics. Various kinds of walking pattern generation for biped walking robots based on energy consumption have been applied, e.g., by Roussel et al. [1] , Channon et al. [2] . Some studies have defined foot trajectories in which the feet are always level with the ground [3] . Since the robot cannot touch the ground first by the hell of the former foot and leave the ground finally by the toe of the rear foot, these kinds of foot trajectories are not useful for high-speed walking. In this paper, we present the trajectory generation of a 7-DOF biped walking robot. A GA method is proposed to obtain the key parameters in hip and feet trajectories generation to follow the predefined stable ZMP trajectory while minimizing power consumption.
The Biped Model
The biped robot considered in this study is a 7-DOF planar biped robot. It is assumed that the walking movement takes place in the sagittal plane and on a horizontal surface without obstacles also the friction between the feet and the ground is sufficient to prevent slippage. One of the stability measure criterions for the legged locomotion is a ZMP criterion proposed by Vukobratovic [4] . Schematic representation of the biped walking model is depicted in Fig. 1 and the values of the model parameters are listed in Table 1 .
Trajectory Generation
Hip Trajectory. Stability of the biped walking robot is strongly affected by horizontal hip motion. Therefore, to have a stable walking special care should be taken in defining the horizontal motion of the hip. Subsequently, the following conditions should hold ( 1) ( ) ( ( 1) )
where k is the step number. According to boundary conditions for horizontal motion of the hip we consider a 6 th order polynomial that contain three extra coefficients according to the number of required constraints (redundant coefficients) and select them as ( 2 5 6 , , a a a ) to search in GA. 
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One desire feature of biped robot gait is to keep minimum vertical motion of the gravity center, which requires minimum vertical motion of the hip. Hence it will be selected as a free constant parameter to be obtained by GA.
Feet Trajectory. In addition to the horizontal hip motion, feet trajectories have an important role in trajectory generation, thus feet motion is included in optimization process. During DSP, the ankle joints of swing and stance foot should rotate about their toe and heel respectively. Thus, the boundary conditions for stance foot are 
Proceeding in a similar way, for swing foot by adding three redundant coefficients ( 2 3 4 , , 
Genetic Algorithm Implementation
Flowchart of the GA based approach is illustrated in Fig. 2 .The fitness function of this algorithm is
where zmp X is the current ZMP location with respect to the reference coordinate located at the heel end and zmpd X is assumed to be desired ZMP, J is the number of joints of the biped robot, i τ , i q are the actuator torque and joint angular velocity of the ith joint, respectively, 1 ω and 2 ω are the weighting factors. It is assumed that the actuators have no mechanical power regeneration, and the absolute value of the mechanical power is used in cost function.
Also it is possible to avoid the situation where the amount of the power supplied to the actuators exceed the maximum available values by defining following inequality as the optimization constraints 0 , 1, 2...,6
where mi P is maximum actuator power of ith joint.
Simulation and Results
In this section, 24 key parameters in trajectories generation are searched by GA. DSP duration is The converged values of the interested parameters are listed in Table 3 and corresponding total power of all actuators is shown in Fig. 3 .The power of all actuators illustrated in Fig. 4 and Fig. 5 shows the resulting ZMP trajectory of the biped. Stick diagram of the walking robot for half of a walking cycle is shown in Fig. 6 . 
Conclusions
In this paper, an optimal motion trajectory is derived for a 7-DOF biped robot that has simultaneously rotation of feet in DSP. Result shows that using polynomial with redundant coefficients for feet trajectories can significantly improve the optimization results. Minimum power consumption was achieved and the mechanical power supplied to the actuators did not exceed their maximum permitted value. It is shown that the robot accurately followed the predefined stable ZMP trajectory and has a small deviation. These conclusions confirm the validity and effectiveness of the proposed method.
